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Congenital interatrial septa1 defects 
close to the atrioventricular orifices are 
commonly regarded as the result of in- 
adequate growth of interatrial septum 
primum. Unquestionably this is an im- 
portant factor in their genesis but other 
critical related conditions are neglected in 
this oversimplified interpretation. The ob- 
jective of this paper is to bring out these 
associated processes and to attempt to fit 
them into their proper perspective in the 
total picture, both as to structural fea- 
tures and as to the timing of their growth 
in relation to one another. 

Perhaps the most effective way of ap- 
proaching the subject is to scrutinize first 
the precise location and relations of these 
defects as seen postnatally, and to note, 
also, the range of their extensiveness. Al- 

though defects in this location are by no 
means as common as defects at the fora- 
men ovale they have been well known over 
too many years to make it profitable to re- 
view in detail the voluminous literature 
pertaining to them. Suffice i t  to note that 
that the classical descriptions of Peacock 
(1866) and Rokitanski (1875) were fol- 
lowed by a plethora of case reports, and 
that the systematic survey of Maude Ab- 
bott ( ' 3 2 )  and the recent critical studies 
of Edwards and Rogers ('48) and Ed- 
wards ('60) have brought abundant ma- 
terial together to give us adequate data on 
this defect as seen postnatally. It should 
be sufficient, therefore, to consider here a 
few cases selected to show the varying 
extent of these defects, and so oriented 
for illustration that the anatomical rela- 

Fig. 1 Persistent interatrial foramen primum of minimal size. (From heart of a 60- 
year-old woman, Path.-anat. Inst., Vienna.) 
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tion of the defect to other cardiac struc- 
tures is clearly evident. 

All the hearts illustrated as type cases 
were ones I had the opportunity of study- 
ing from museum or autopsy specimens 
when I was a visiting investigator at the 
Pathologisch-anatomisches Institut in Vi- 
enna. The case illustrated in figure 1 was 
selected as representing a persistent inter- 
atrial foramen of minimal extent but in 
a typical location and of characteristic 
shape. There is definite notching of the 
septal cusp of the mitral valve on its 
ventricular margin. On the attached base 
of the valve there is a definite groove, 
but below this groove the valve is con- 
tinuous. This is a condition far less usual 
than complete separation of the atrioven- 
tricular valves as shown in figures 2 and 
3. It may, I believe, be regarded as part 
of the picture to be expected when the 
defect is minimal in extent. 

The heart shown jn figures 2 and 3 
was selected as representing an exten- 
siveness near the middle of the range of 
defects of this type. It shows the involve- 
ment of the atrioventricular valves which 
is to be expected whenever defects in this 
location are other than minimal. The 
septal leaflet of the mitral, and the septal 
leaflet of the tricuspid valve are both 
completely divided (fig. 3)  instead of be- 
ing merely notched as was the case in the 
heart illustrated in figure 1. 

The heart illustrated in figure 4 was 
chosen as an example of a defect in this 
location which was in the maximal size 
range. The unclosed foramen primum 
measured 57 X 37 mm. The septal leaf- 
lets of both atrioventricular valves were 
completely divided exposing the margin 
of the muscular portion of the interven- 
tricular septum. It is important in mak- 
ing surgical closure of such defects to 
realize that the main atrioventricular bun- 
dle lies just beneath the endocardium of 
this exposed part of the septum. 

The clinical histories on these cases 
were meager but there were enough notes 
to indicate that the individuals had shown 
the characteristic conditions described for 
this defect by Taussig (’47) and Edwards 
(’60). These may be briefly summarized 
as follows. With the full functioning of 
the pulmonary circuit attained postna- 

tally, the flow in the presence of an inter- 
atrial defect is reversed from the fetal 
direction and becomes from left to right. 
This means that with each cardiac cycle 
the right side of the heart has an extra 
volume of blood to pump. The result is 
a progressively increasing dilation and 
hypertrophy of the right side of the heart, 
especially the right ventricle. The extra 
volume of blood going to the right ven- 
tricle results in an increased pulmonary 
flow with a resultant increase in transuda- 
tion of plasma within the lungs. This is 
a situation which the pathologist fre- 
quently characterizes as a “wet lung.” 
Apparently, it increases vulnerability to 
pulmonary infections. When such a shunt 
remains uncorrected the walls of the small 
arterial vessels of the pulmonary circuit 
undergo damaging changes which eventu- 
ally become irreversible. The extent of 
the dilation and hypertrophy will be de- 
pendent primarily on the size of the defect 
but will, also, increase with age. In cases 
such as that illustrated in figure 4, when 
the individual lives to advanced years the 
heart becomes of enormous size, justifying 
the older pathologists designation of it as 
a “cor bovinum.” 

With the characteristic postnatal con- 
ditions as a background let us turn now 
to the underlying embryological conditions 
involved in the persistence of interatrial 
foramen primum. The general story of 
the origin of septum primum as a cres- 
centic fold of endothelially clothed cardiac 
muscle arising on the cephalodorsal wall 
of the atrium has long been well known 
(Born, 1889; Tandler, ’12; Odgers, ’35; 
Patten, ’60). In its growth the tips of this 
crescent-shaped septum are directed to- 
ward the endocardia1 cushions of the 
atrioventricular canal. The diminishing 
transatrial communication bounded by the 
concavity of the septum above and the 
atrioventricular cushions below, is inter- 
atrial foramen primum or more briefly 
ostium primum (fig. 5). One of the de- 
tails which seems to have been overlooked 
is the fact that the free margin of the 
septum is not composed of cardiac muscle 
but is a thickened flange of mesenchyme 
(figs. 5, 6).  This is important, for in the 
closure of ostium primum it is this mes- 
enchymal margin that ultimately fuses 
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Fig. 2 Persistent interatrial foramen primum near the middle of the usual range of 
extensiveness. (From heart of 22-year-old female, Path.-anat. Inst., Vienna.) 
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Fig. 3 Detail of cleft in the atrioventricular valves from case illustrated in figure 2. 
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Fig. 4 Persistent interatrial foramen primum of unusually large size. The actual di- 
mensions were 57 mm in vertical diameter, and 40 mm across the defect to the bottom of 
the valve cleft. (Drawn from a specimen in the Rokitanski Museum, Vienna.) 

Fig. 5 Semischematic drawing showing the interior of the developing heart in  the 
6th week at  the stage when interatrial foramen primum is almost closed, and interatrial 
foramen secundurn is just being established by the appearance of multiple small perfora- 
tions. 
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with the mesenchymal tissue of the endo- 
cardial cushions of the atrioventricular 
canal (fig. 7). 

If one reviews mentally the other places 
where fusions occur in the normal devel- 
opment of the heart, it is striking that they 
also involve a similar process with the 
endothelium promptly losing its continuity 
at the points of contact and a mesen- 
chyme to mesenchyme fusion being estab- 
lished. Specifically this is what happens 
in the fusion of the truncoconal ridges 
which divide the truncus arteriosus into 
ascending aorta and pulmonary trunk. It 
occurs also in the fusion of dorsal and ven- 
tral endocardia1 cushions in the division 
of the atrioventricular canal, and the fu- 
sion of the mesenchymal margin of the in- 
terventricular septum with atrioventricu- 
lar canal cushions and conal ridges in the 
closure of the interventricular foramen. It 

is my conviction that the consistency with 
which this sequence of events is repeated 
in  various locations in the developing heart 
is highly significant from the standpoint 
of developmental mechanics. Currently 
the behavior of the endothelial and mesen- 
chymal components in such fusions is be- 
ing restudied in this laboratory. 

Figure 8 suggests by a series of contour 
lines the successive positions occupied by 
the margin of septum primum in its 
growth toward the atrioventricular canal 
cushions. The numbers are not intended 
to represent a precise time scale, but 
merely to serve as useful tags in discus- 
sing the progress of events. Subject to 
some individual variability the start of 
interatrial septum primum suggested by 
line number 1 can be recognized in em- 
bryos of about 4 weeks (C. R. approxi- 
mately 4 mm, Streeter’s Horizon XIII). 

Fig. 6 Photomicrograph. ( X  260) of interatrial septum primum to show its mesenchymal 
border. (From Univ. of Michigan Collection, E H 396, C. R. 7.5 mm.) 
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Fig. 7 Semischematic drawing showing the interior of the developing heart at the 
stage when interatrial foramen primum has been closed and interatrial foramen secundum 
well opened. Septum secundum is just being established to the right of septum primum. 

The atrioventricular canal cushions make 
contact and begin to fuse during the 6th 
week, more specifically in embryos of 
about 9 mm (Streeter’s Horizon XVI) 
The fusion of septum primum with the 
atrioventricular canal cushions to close 
foramen primum normally occurs in em- 
bryos between 10 and 11 mm (Streeter’s 
Horizon XVII). Thus the numbered lines 
2 to 7 suggest the progressive advance of 
septum primurn which occurs between 4 
and 10 mm. 

Just about the time the atrioventricular 
cushions begin to fuse, interatrial foramen 
secundum makes its appearance in the 
form of a group of minute perforations in 
the upper part of septum primum (fig. 5). 
These initial small openings rapidly ex- 
pand and merge to form a sizable inter- 
atrial ostium secundum. It is functionally 
highly significant that ostium secundum 

is well established by the time ostium 
primum closes (fig. 7 ) .  Were this not 
to occur, the left atrium would be cut off 
with an inadequate blood volume because 
the return from the lungs is minimal at 
this stage, and the left side of the heart 
is dependent on a transeptal shunt from 
the right for maintaining a balanced in- 
take. 

Septum secundum arises to the right of 
septum primum after ostium secundum 
has been established and after septum 
primum has fused with atrioventricular 
canal cushions (fig. 7). It cannot usu- 
ally be clearly demonstrated until well 
into the 7th week of development. It is 
crescentic in form as was the case with 
septum primum but it is a much heavier 
structure and the open end of its cres- 
centic margin is differently directed. In- 
stead of progressing toward the atrioven- 
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tricular canal as did septum primum it 
grows toward the lower part of the sinus 
opening which ultimately becomes the in- 
ferior caval inlet. Figure 9 emphasizes 
the different direction of growth of septum 
secundum by superimposing heavy con- 
tour lines on light dotted lines indicating 
the direction of growth of septum primum. 

As was the case with septum primum, 
the contour lines for septum secundum 
do not purport to be a precise time scale. 
The number 1 line suggests the location 
of the margin of septum secundum when 
it first becomes well established during 
the 7th week. The line numbered 6 is at 
about the location reached by the 6th 

Ostium II 
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Fig. 8 Schematic diagram showing by a series of contour lines the progress in the 
growth of interatrial septum primum and of the atrioventricular canal cushions. 

- 0 s t i o n - 1  I I  i n  seo tum I 

Fig. 9 Schematic diagram showing by a series of contour lines the progress of growth 
of septum secundum. By dotting in the contour lines for septum primum the difference 
in the direction of growth of the two septa is emphasized. 
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month. It is worth emphasizing that the 
periods of rapid growth of the two inter- 
atrial septa are radically different, that of 
septum primum being between 4 and 6 
weeks and that of septum secundum being 
from the 7th week through the 6th month 
and even extending at a reduced rate into 
the final trimester of pregnancy. 

From the standpoint of a persisting os- 
tium primum this difference in timing is 
highly significant. It means that in the 
normal development of the interatrial sep- 
tal complex, septum secundum follows 
along the right side of an already com- 
pleted septum primum and merges with 
it to form the thick lower portion of the 
septum (see especially contour lines 2-4 
in fig 9 ) .  When septum primum fails 
to close ostium primum, septum secun- 
dum, deprived of its support as a sort of 
“scaffolding,” fails to grow into the region 
of the defect. The way its growth seems 
to be distorted is indicated schematically 
by the contour lines in figure 10. Thus 
from the developmental standpoint the 
crucial departure from normal in a per- 
sistent ostium primum is deficient growth 
of septum primum between 4 and 6 weeks. 
This in turn means that if environmental 
factors were involved they must have been 
operative not later than this period and 
in all probability early in it, or even a 
little before the active growth was due 
to commence. 

‘iE 
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It is of interest also that a disturbance 
starting at a very early period in one 
structure has such a striking effect on the 
course of development at a much later 
stage of development in another related 
structure. With this course of events in 
mind we can properly speak of a persist- 
ing interatrial foramen primum but we 
should not refer to the condition as “a 
defect of septum primum” for septum 
secundum, also, is definitely involved. 

Another significant thing is the varying 
extent to which the atrioventricular can21 
cushions may be involved with a persist- 
ent ostium primum. In the cases illus- 
trated in figures 2 and 4 it is quite evident 
from the notched atrioventricular valves 
that the canal cushions have failed to 
merge completely. In such cases it seems 
not unlikely that defective growth of the 
cushions may be the real primary factor. 
The advancing tips of crescentic septum 
primum lie on the atrial faces of the canal 
cushions (fig. 5) and may well follow 
their lead in closing or failing to close 
foramen primum. 

In contrast to the foregoing more usual 
conditions, are the exceptional cases such 
as  that illustrated in figure 11. Here the 
completeness of the base of the atrioven- 
tricular valves indicates that the growth 
and fusion of the canal cushions must 
have been essentially normal. There is. 
to be sure, a slight notch on the free 

Ostiurn I1 in septum I / shadowed through 
_.-- 

Growth contours of 
septum primurn 

Growth contours of 
septum secundum 

Unclosed ostiurn I 

Growth contours of 
atrioventricular 

canal cushions 

I \ 
Lirnbus of foramen ovale 

Fig. 10 Schematic diagram showing by heavy contour lines the way the growth of 
seFtum secundum is modified in  the presence of a persisting interatrial foramen primum. 
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margin of the valve leaflet but that ap- 
pears to be of little more significance than 
other similar variations often seen in the 
configuration of the valves. It seems evi- 
dent, therefore, that in cases of this type 
the defect is due to inadequate growth of 
septum primum with no involvement of 
the atrioventricular canal cushions. 

At the other extreme is the case illus- 
trated in figure 12. Here there can be no 
question about the markedly defective 
growth of the atrioventricular canal cush- 
ions. The abnormality is really a combina- 
tion of persistent ostium primum, an un- 
divided atrioventricular canal, and absence 
of the membranous portion of the inter- 

Fig. 11 Case of interatrial foramen primum in which the atrioventricular valves were 
unnotched at their base. (From the Rokitanski Museum, Vienna. This specimen from a 
19-year-old male was described by Rokitanski (1875) as his case no. 4, but not illustrated.) 

Fig. 12 Persistent interatrial foramen primum combined with markedly deficient 
growth of the atrioventricular canal cushions. (Heart of child, no clinical record except 
“Polizeilich secirt,” Rokitanski Museum, Vienna.) 
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ventricular septum. A comparison of this 
case with that illustrated in figures 2 and 
3, however, should make i t  apparent that 
we are dealing with the same funda- 
mental developmental distortions. In both 
cases the growth of the interatrial septal 
complex and the fusion of the atrioven- 
tricular canal cushions have been defi- 
cient. The differences lie merely in the 
relative extent to which the two processes 
have been involved. Any large series of 
cases of persistent interatrial foramen 
primum can be expected to show a corn- 
plete spectrum of variations in the rela- 
tive extent with which these closely asso- 
ciated processes exhibit defective growth. 

SUMMARY 

A persistent interatrial foramen pri- 
mum always involves defective growth 
of interatrial septum primum and a 
secondarily associated disturbance in the 
growth of septum secundum. In most 
cases there is also deficient growth of the 
atrioventricular canal cushions as evi- 
denced by the gap in the base of the atrio- 
ventricular valves. Because the growth 
of the canal cushions and the growth 
of septum primum normally progress 
concurrently, it is difficult to be certain 
in many instances which has been the 
primary causative factor in an unclosed 
ostium primum. The fact that in the 
majority of cases there is a gap in the 
base of the atrioventricular valves indi- 
cates that the atrioventricular cushions 
are more regularly involved than has been 
recognized. Since the cushions normally 
complete their fusion just prior to the 
closure of ostium primum it seems not 
unreasonable to suspect that in many in- 

stances their deficient growth may be the 
true primary factor in a failure to close 
ostium primum. The more marked the 
gap in the base of the atrioventricular 
valves the more deeply the cushions 
would appear to be implicated. It should 
be borne in mind, however, that the rare 
cases without a gap in the valves clearly 
show that it is possible for a persistent 
ostium primum to be the result of defec- 
tive septal growth alone. 
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